Abstract: All species of Daphnia (Cladocera) produce, at some stage in their life cycle, diapausing eggs, which can remain viable for decades or centuries forming a "seed bank" in lake sediments. Because of their often good preservation in lake sediment, they are useful in paleolimnology and microevolutionary studies. The focus of this study was the analysis of cladoceran resting eggs stored in the sediment in order to examine the ephippial eggs bank of Daphnia pulicaria Forbes in six mountain lakes in the High Tatra Mountains, the Western Carpathians (northern Slovakia and southern Poland). Firstly, we analyzed distribution, abundance and physical condition of resting eggs in the sediment for their later used in historical reconstruction of Daphnia populations by genetic methods. To assess changes in the genetic composition of the population through time, we used two microsatellite markers. Although DNA from resting eggs preserved in the High Tatra Mountain lake sediments was extracted by various protocols modified for small amounts of ancient DNA, DNA from eggs was not of sufficient quality for microsatellite analyses. Distribution curves of resting eggs from sediment cores correspond to the environmental changes that have occurred in the High Tatra Mountains area during last two centuries (atmospheric acid deposition, fish introduction) and demonstrate their influence on natural populations. Evaluation of ephippia physical condition (the most common category was empty ephippial covers) suggests that the majority of resting eggs hatched to produce a new generation of Daphnia or may be due to failed deposition of resting eggs by Daphnia to the chitinous case. In conclusion, age, low quantity and poor physical condition of resting eggs from these Tatra lake sediments proved to be unsuitable not just for use in genetic analyses, but also the possibilities of autogenous restoration of Daphnia populations from the resting egg banks in the Tatra sediments are negligible.
Introduction
Mountain lakes in the High Tatra Mountains (Mts) represent unique ecosystems in remote areas, and have been the object of investigations for more than two centuries (Wierzejski, 1882 (Wierzejski, , 1883 Minkiewicz, 1917; Lityński, 1913 Lityński, , 1917 . One of few dwellers adapted for harsh condition of these mountain lakes is Daphnia spp. (Crustacea, Anopoda). Lityński (1913) found Daphnia pulicaria Forbes, 1893, in High Tatra lakes, and it was initially described as Daphnia wierzejskii Lityński, 1913 . During later detailed sampling, Minkiewicz (1917) recorded the presence of Daphnia in 23 of 82 sampled Tatra lakes. In recent years, Daphnia have been found to inhabit just 13 Tatra lakes (Stuchlík & Marková, unpublished data) . The main reasons for these extinctions are lake acidification and fish introduction (Kopáček & Stuchlík, 1994; Gliwicz & Rowan, 1984) . The Tatra Mts are one of the most severely acidified European alpine ecosystems (Kopáček et al., 2004) .
The purpose of this paper is to attempt the historical reconstruction of Daphnia pulicaria populations by using ephippia occurrence in the sediments of Tatra lakes. A feature of Cladocera is the production of diapausing eggs at some stage in their life cycle. The resting eggs are contained and protected within a resistant chitinous structure named an ephippium (Vollmer, 1912) . The study of resting eggs and egg banks is important for a variety of disciplines, such as taxonomy, ecological biogeography, paleolimnology, natural conservation, evolutionary ecology and community and population ecology (Brendonck & De Meester, 2003) . Cladocera provide useful insights into the past conditions of lakes (Frey, 1976) . Daphnia ephippia are often well preserved in the lake sediments (Jeppesen et al., 2002) and are used in paleolimnological and microevolutionary studies for analyses of past environ-S136 S. Marková et al. Table 1. mental changes in lake conditions and their influence on microevolutionary processes in natural populations.
The focus of our study was to analyse distribution, abundance and physical condition of resting eggs in the sediment, and then using microsatellite markers to assess change in genetic composition of the Daphnia population through time. DNA from resting eggs deposit in the High Tatra sediments was extracted by following various protocols for small amounts of DNA and the viability of DNA was tested by genetic analyses. We discuss our results in light of the past environmental changes that have occurred in the High Tatra area during the last two centuries, and we demonstrate how egg bank propagules may allow one to examine the influence of these changes on Daphnia populations.
Finally, based on the physical condition of resting eggs we considered the possibility for natural reestablishing of Daphnia populations in lakes where they have gone extinct, through the use of resting egg banks.
Study sites
The Tatra Mts belong to the Carpathian chain and are situated on the Slovak-Polish border (20 • 0 E, 49 • 15 N; KOPÁČEK et al., 2004; Fig. 1) . For the purpose of analysing resting eggs deposited in the sediment we selected six lakes. These six lakes were chosen as representatives of lakes found by MINKIEWICZ (1917) to contain Daphnia. In some of these lakes Daphnia has become extinct while others presently support Daphnia populations. These lakes also present a variety of physical characteristics that may have influenced persistence or loss of Daphnia (see Tab. 1). Four of the lakes selected are on the Slovak side: Nižné Terianske pleso (NTR); Nižné Temnosmrečinské pleso (NTSM); Vyšné Temnosmrečinské pleso (VTSM); Ľadové pleso in Veľká Studená dolina valley (LadPl); and two are on the Polish side: D lugi Staw Gąsienicowy (DlugiSt); Czarny Staw Polski (CzarSt) of the High Tatra Mts (Fig. 1) . All of these lakes are of glacial origin.
Material and methods
Lake sediment sampling and ephippia classification A Kajak core sampler (diameter 60 mm) was used to collect one sediment core from the deepest part of each lake during the summer of 2003. The upper 2 cm of the surface sediment was divided immediately in the field into 0.5 cm sections and the rest of the cores into 1 cm thick sections. Samples were transported to the laboratory and stored in the dark at 4
• C in plastic bags until analysis. Ephippia were collected from the sediment sections by sieving through a 100 µm mesh sieve, and subsequently decapsulated under a binocular microscope and resting eggs were removed. The number of resting eggs found in each slice was recorded, and all ephippial manipulations followed a set of protocols appropriate for ancient DNA studies (THOMAS, 1994; COOPER & POINAR, 2000) . Based on observations of ephippia physical conditions within these sediment cores, five categories were created for classification of resting eggs. For each section, physical conditions of ephippia and resting eggs were assessed and they were classified into five categories ( Fig. 2 ): 1 -Empty ephippial cover, 2 -Degraded eggs "brown clumps", 3 -Degraded eggs "red clumps", 4 -Empty egg membrane and 5 -Eggs. The first category represents ephippia which, when opened, were found to be without resting eggs (Fig. 2 A) . Clumps of Viability of Daphnia resting eggs S137 Fig. 2 . Evaluation categories of resting eggs in the sediment of the High Tatra lakes: A -Empty ephipial cover (category 1); B -Eggs (category 5); C -Degraded eggs ("red clumps") (category 3); D -Degraded eggs ("brown clumps") (category 2); E -Empty egg membrane (category 4). degraded eggs, which exhibited differences in colour, were characterized by categories 2 (brown) and 3 (red) (Figs 2 D, C). Category 4 represents empty egg covers of degraded eggs (Fig. 2 E) , while category 5 signifies resting eggs in good condition, which were subsequently used in genetic analyses (Fig. 2 B) .
Lakes categories of sensitivity to acidification
The acid-base status of the lakes in the 1980s (FOTT et al., 1994) was used to divide the lakes into three main categories of sensitivity to acidification: non-sensitive lakes (pH > 6; Acid Neutralizing Capacity (ANC) > 25 µeq L −1 ), where the species composition of planktonic Crustacea has not changed; acid-sensitive lakes (5 < pH; ANC 0-25 µeq L −1 ), where planktonic Crustacea were present in the past, but are now absent; and extremely sensitive lakes (pH < 5; ANC < 0 µeq L −1 ), where only one species (Chydorus sphaericus Müller, 1785) remains. Only one of the six lakes in this study is classed as sensitive to acidification, according to this definition; D lugi Staw Gąsienicowy (DlugiSt).
Genetic analyses
Three methods were used for extraction of DNA from resting eggs: 1 -20 µl of 5% CHELEX 100 solution (BioRad, Hercules, CA), following the protocol of WALSH et al. (1991) , 2 -use of the Forensic extraction KIT I (Invitek, Germany) following the procedures of LIMBURG & WEIDER (2002) , and 3 -use of the IsoQuick Nucleic Acid Extraction Kit (ORCA research, USA) following the manufacturer's instructions. During all work with ancient DNA from sediments, appropriate guidelines were followed (COOPER & POINAR, 2000) . All PCR reactions were prepared in an isolated DNA work area (all manipulations were performed in a fume hood, cleaned with decontamination spray (Cambio Ltd) for removal of DNA each time before PCR preparation); all PCR reactions were run with negative controls, none of which gave any indication of contamination problems. Amplification of PCR products was also carried out independently in two laboratories. Two pairs of microsatellite primers, Dpu122 (available at GenBank/ EMBL under accession: AF233363; COLBOURNE et al., 2004), Dpu6 (GenBank AY057864; COLBOURNE et al., 2004) were used to amplify 133 and 138 bp fragments. Forward primers were end-labelled with florescent dyes (Life Technologies, Univ. of Oklahoma, USA). PCR reactions were carried out in 25 µl volumes with a final concentration of 1.2 µM of each primer, 0.2 mM dNTPs, 0.5 mM MgCl2, 0.25 units of Taq DNA polymerase (MBI Fermentase). PCR conditions consisted of an initial denaturation step (3 min at 94 at 53
• C for Dpu6 and 54
• C for Dpu122, 1 min extension at 72
• C, followed by a final 10 min 72
• C extension. Microsatellite alleles were resolved on a denaturing polyacrylamide gel and visualized using FMBIO scanner (Hitachi).
Results and discussion
Lake physical characteristic, distribution and physical conditions of ephippia Nižné Temnosmrečinské pleso and Vyšné Temnosmrečinské pleso Nižné Temnosmrečinské pleso and Vyšné Temnosmrečinské pleso are situated in the Temné Smrečiny valley and are connected by a stream which flows from Vyšné Temnosmrečinské pleso to Nižné Temnosmrečin-ské pleso. These lakes are representatives of the few Tatra lakes still supporting D. pulicaria. The abundance of ephippia was higher in Nižné Temnosmrečin-ské pleso (maximum of 266 ephippia per layer; 10.88% ephippia total) compared to Vyšné Temnosmrečinské pleso (maximum of 9 ephippia per layer; 28.13% total). The level of this difference is surprising given that both lakes presently support Daphnia populations, but can potentially be explained by two main factors. Firstly, there are the morphological characteristics of lakes; Nižné Temnosmrečinské pleso (13.2 ha) is approximately three times the area of Vyšné Temnosmrečinské pleso (4.5 ha) and the lake volume is almost five times larger in Nižné Temnosmrečinské pleso (2161 × 10 3 m 3 ) than in Vyšné Temnosmrečinské pleso (460 × 10 3 m 3 ; Tab. 1). The second important factor is that freshly produced ephippia are finely vacuolated, which makes them float at the water surface; these could then be transported by the stream that connects the two lakes, from Vyšné Temnosmrečinské pleso to Nižné Temnosmrečinské pleso. Assessment of ephippia transport by this stream was made during an experiment in September 2003, when plankton nets mounted within the stream collected 787 ephippia in three hours (Marková, unpublished data ). An additional factor that may help explain the large difference in ephippia in sediments from these two lakes are the physical characteristics of the catchment areas surrounding them (VTSM: bare rocks 40%, moraine 34%, meadow 26%; NTSM: bare rocks 35%, moraine 15%, meadow 50%); these differences lead to a higher input of nutrients into Nižné Temnosmrečinské pleso compared to Vyšné Temnosmrečinské pleso. Vyšné Temnosmrečinské pleso is also dominated by a high, northfacing cliff, which throws almost half of the lake into shadow.
Ľadové pleso and D lugi Staw Gąsienicowy
Of the six lakes in this study, Ľadové pleso and D lugi Staw Gąsienicowy are the smallest in terms of lake area and volume and are highest in altitude (Tab. 1). Both are situated above the tree line and have no sources of water inputs except rainfall and melting snow. Three different sections of ephippia abundance were recorded across the whole core from Ľadové pleso. Firstly, the section with the highest abundance of ephippia was from 16 cm and below (range from 103 to 254 ephippia per layer). The second section, with medium abundance was from 4 cm to 15 cm (range from 11 to 68 ephippia per layer) and the third section, with lowest abundance, was from 3 cm to top of core (range from 0 to 8 ephippia per layer; Fig. 5 ). The core with the lowest abundance of ephippia was from D lugi Staw Gąsienicowy, with a total of 20 ephippia. The peak of abundance was recorded at 11 cm (7 ephippia); rest of core had ephippia abundance from 0 to 3 ephippia per layer. Daphnia are recently presented in Ľadové pleso, but they are not present in D lugi Staw Gąsienicowy. The only reference to the occurrence of D. pulicaria in D lugi Staw Gąsienicowy was made by Lityński (1917) , from samples collected from 1910 to 1915. Since then, the presence of Daphnia has never been confirmed in this lake. As we use a dating scale (albeit only as a rough guide) we can expect that the 5 cm layer approximately corresponds with year 1910. The suspected timing of the loss of Daphnia from the water column therefore appears to be confirmed by this study.
Czarny Staw Polski
Czarny Staw Polski is situated on Polish side of the High Tatra Mts. The core from this lake has third high- est abundance of ephippia of all six analysed cores (443 ephippia in total). The distribution of ephippia across the whole core has two different sections. The first has very low ephippia abundance from the surface down to 7 cm (0 to 6 ephippia per layer), and the second has an abundance of 15 to 54 ephippia per layer (from layer 7 cm down; Fig. 7 ).
Nižné Terianske pleso
The ephippia abundance in most of the core layers from Nižné Terianske pleso was very low (from 0 to 10 ehpippia per layer) with two marked peaks, one in the layer at 6 cm (20 ephippia), the second in the layer at 19 cm (21 ephippia). Ephippia were completely absent from the upper 6 cm of the core. The reference to Daphnia occurrence in Nižné Terianske pleso again comes from Minkiewicz (1917) , who relied on data from Wierzejski (1882, 1883); Daday (1896) and Lityński (1913) . As we used a sedimentation rate for the core used in this study as a rough guide, the last record of ephippia present comes from the end of the 19 th century, which roughly corresponds with the last record of Daphnia being present. Lack of ephippia in the upper layers of the core could also be due to low abundance of Daphnia in the lake combined with the sampling effect (i.e. a patchy distribution of resting eggs in the sediment or limited sample size).
For classification of physical condition of ephippia categories 1 to 5 were established, ranked in order of their usability in later genetic analyses of ancient Daphnia populations (Fig. 2) . The most common category was category 1 (Empty ephippial covers), which was found in almost every layer. Categories 2 (Degraded "brown clumps"), 3 (Degraded "red clumps") and 4 (Empty egg membrane) were present in most layers from all lakes except Vyšné Temnosmrečinské pleso, where these three categories were not recorded. Eggs (category 5) were the least common category, being absent or found in very low abundance in most layers. All five categories of resting eggs were found in Nižné Temnosmrečinské pleso, but the most abundant category was category 1, which made up around 50% of the total number of ephippia in most core sections. Category 5 was of low abundance, and made up only 0-6% of the total (Fig. 3) . Only two categories of ephippia were present in the sediment core from Vyšné Temnosmrečinské pleso. Category 5 was present in only a few core sections (maximum at 1.5 cm; 50% of total), while category 1 was abundant and present in almost all layers (Fig. 4) . In Ľadové pleso, all five categories were observed, with category 1 being most abundant throughout the core (at least 60% of total counts in most layers) and category 5 being least common (0-6%; Fig. 5 ). In the D lugi Staw Gąsienicowy core, most layers were dominated by only a single category of ephippia (categories 1 to 4). This was also the only core from which category 5 was completely absent (Fig. 6) . In lakes Czarny Staw Polski and Nižné Terianske pleso the most abundant categories of resting eggs were categories 1 (30-100% of total ephippia in each layer) and 2 (15-100%). Again, category 5 had low abundance with maximum totals found at 1.5 cm in the Czarny Staw Polski core (50% of total) and at 13 and 16 cm for Nižné Terianske pleso 50% of total; Figs 7, 8) . Appleby & Piliposian, 2006) . In order to get more accurate sedimentation rates applicable to our data we used mean values of sedimentation rate from different cores. For Nižné Terianske pleso and Ľadové pleso the mean sedimentation rate calculated from two (TERI 93/2 and TERI 96/7) and six cores (LADO00/1, LADO00/2, LADO00/2, LADO003, LADO00/4, LADO00/5, LADO00/6), respectively (Appleby & Piliposian, 2006). As these rates were based on different cores than those used in this study, these 
Changes in genetic composition of Daphnia populations
Only resting eggs of category 5 recovered from sediment cores were used for genetic analyses. In total only 94 resting eggs from six High Tatra cores correspond to category 5; in contrast to cores from Lake Belauer See, where an enormous number of Daphnia resting eggs are preserved chronologically in the sediment (Limburg & Weider, 2002 (Appleby & Piliposian, 2006) . DNA was extracted by appropriate methods for ancient DNA: the Chelex method, the Invisorb extraction KIT for ancient DNA and the IsoQuick Nucleic Acid Extraction Kit. During all extraction work with DNA from sediments, rules for work with ancient DNA were followed closely. Conditions for PCR reactions were optimized using fresh ephippia. The age of eggs used in genetic analyses ranged from 10 to almost 500 years (18 cm in the NTR core). Two microsatellite markers employed in this study readily amplified DNA from fresh ephippia. However, despite extensive efforts, neither of these markers was successful in amplifying ancient DNA from resting eggs collected from sediment cores. The PCR success of ancient microsatellite sequences was considerably reduced also in the work of Limburg & Weider (2002) , when compared with results obtained from fresh resting eggs, but sediments from the Belauer See contain an enormous number of Daphnia resting eggs and so they were successful in amplifying microsatellite alleles from more than 100 ancient resting eggs. Unfortunately, the quality of DNA extracted from High Tatra ancient resting eggs does not appear to be of sufficient quality to allow amplification and subsequent genetic analyses. The changes in genetic composition of Daphnia populations through time could not be assessed because of an insufficient number of suitable ephippia and failure in amplifying microsatellite alleles from ancient resting eggs. Although 94 resting eggs were analysed, none of them were useful for microsatellites analyses. The six analysed High Tatra sediments proved to be unsuitable for any genetic analyses.
Influence of environmental changes on resting egg distribution
Atmospheric acid deposition As noted by Šporka et al. (2002) , Battarbee et al. (2002) and Kopáček et al. (2004) , the High Tatra Mts are one of Europe's regions of highest acid deposition. Gradual acidification of the High Tatra lakes began around 1860. Values of pH and water alkalinity declined rapidly in the 1950s after a century of moderate declines, and reached their minima in the 1980s (Kopáček et al., 2003) . Reversal of lake acidification started in the late 1980s and progressed rapidly throughout the 1990s (Kopáček et al., 2004) .
In the Nižné Temnosmrečinské pleso core, the striking decline in ephippia abundance from 2-3 cm to the surface could correspond with the high levels of acidification in 1977 -1987 (Kopáček et al., 2004 . Although chemical reversal from acidification started in the late 1980s, biological recovery may be substantially delayed with respect to actual deposition rate, as well as due to slow dispersal of species formerly inhabiting the lake (Kopáček et al., 2002) .
Lakes D lugi Staw Gąsienicowy and Ľadové pleso exhibited gradual acidification between 1860 and 1950, and underwent significant changes during the peak of acidification (1950s-1980s) and its later reduction (1980s onward; Kopáček et al., 2003) . Only D lugi Staw Gąsienicowy is classed as sensitive to acidification, according to the definition of sensitivity to acidification (Fott et al., 1994) . The other five lakes are classed as non-sensitive (Tab. 1). Lakes with a smaller area, such as D lugi Staw Gąsienicowy and Ľadové pleso, will generally be more sensitive to acidification and the effects will be exhibited earlier than in large lakes (Kopáček et al., 2004) . Recovery of the original status of small lakes can also take longer, particularly in lakes in which inputs are limited to rainfall and meltwater. Lakes D lugi Staw Gąsienicowy and Ľadové pleso have a very low nutrient input, because the main part of their catchment consists of bare rock and moraine (LadPl: catchment area 13 ha, bare rocks 32%, moraine 53%, meadow 15%; DlugiSt: catchment area 65 ha, bare rocks 44%, moraine 27%, meadow 29%; Kopáček et al., 2000) . Rocky lakes should be the most acidic among the alpine lakes (Kopáček et al., 2000) .
The curve of ephippia abundance in the Czarny Staw Polski indicates very low fluctuation between depths of 20 and 7 cm (from 15 to 36 ephippia pro layer). It suggests fairly steady population size during that time. The marked decline in ephippia abundance (from 6 cm to the top), may correspond with two noted events (acidification and fish introduction), which took place in the High Tatra area at the end of the 19 th century. However, as there are no data on sedimentation rates in the Czarny Staw Polski, we can only roughly estimate, base on known sedimentation rates of surrounding lakes, that the 6 cm layer corresponds with the end of 19 th century and gradual acidification which began in the 1860s in the High Tatra area.
The complete absence of ephippia from the upper 6 cm of the core from Nižné Terianske pleso can be also connected with the beginning of gradual acidification of the High Tatra Mts at the end of the 19 th century. The distribution curve of ephippia from Vyšné Temnosmrečinské pleso does not show as strong effect of acidification event as are evident in other High Tatra cores, probably because of very low ephippia abundance across the whole Vyšné Temnosmrečinské pleso core (0 to 9 ephippia per layer).
Fish introduction
The majority of mountain lakes in the Tatra Mts remained fish-free until the end of the 19 th century, when stocking with brook charr (Salvelinus fontinalis Mitchill, 1815) and trout species (mainly three species, with Salmo trutta morpha fario L., 1758, being most abundant) became very common (Dawidowicz & Gliwicz, 1983) .
Of the six lakes involved in this study, Czarny Staw Polski is the only one in which fish are known to have been introduced, although the exact date is unknown. The marked decline of ephippia abundance at 6 cm may be due to the introduction of fish to the lake. The introduction of salmonids to the mountain lakes caused a drastic change in their zooplankton communities (Gliwicz & Rowan, 1984; Cammarano & Manca, 1997) . A similar situation with an identical trend in the ephippia abundance curve was described by Gliwicz (1980 Gliwicz ( , 1985 ; following fish introduction to the Zielony Staw Gąsienicowy, where the quantity of ephippia in sediment cores fell from 120 to 10 per cm −3 . Due to its large size, D. pulicaria is extremely vulnerable to selective predation by charr (Gliwicz, 1963 (Gliwicz, , 1980 (Gliwicz, , 1985 Dawidowicz & Gliwicz, 1983) . Extinction of cladocerans becomes evident a few years after a major stocking (Gliwicz & Rowan, 1984) .
Disappearance of Daphnia from D lugi Staw Gąsie-nicowy could also be linked to fish introduction to the lake. Intensive fish introductions were made to several lakes on Polish side of the Tatra Mts in the 1890s, for example Zielony Staw Gąsienicowy, the neighbouring lake of D lugi Staw Gąsienicowy in the Dolina Gąsnienicowa valley (Gliwicz & Rowan, 1984) . However, no records exist to describe any fish introductions to D lugi Staw Gąsienicowy.
Changes in climate
The effects of climate on mountain lakes occur mainly through changes in temperature, precipitation and wind regimes that affect duration of snow and ice cover, catchment hydrology and mixing and stratification of the water column. These factors control many biological and chemical processes, such as primary production, S144 S. Marková et al. nutrient cycling, and water column pH, and as such may have great effects on habitat characteristics, biological life cycles and species distribution.
Agustí-Panareda & Thompson (2002) and Battarbee et al. (2002) presented data for air temperatures from European alpine and arctic lakes for the period 1781 to 1997 AD, which included Nižné Terianske pleso. These studies indicate that temperatures of area in which our study lakes are situated began to rise towards the end of the 18 th century reaching some of the highest recorded over the measurement period. From 1800 to 1997 a general cooling trend was recorded (Agustí-Panareda & Thompson, 2002) . Using the sedimentation rates and ephippia deposition patterns from the Vyšné Temnosmrečinské pleso as a rough guide, the highest abundance (at 14 cm in VTSM and at 17 cm in NTSM) appears to correspond to a warm period around 1790-1800 (Agustí-Panareda & Thompson, 2002) . In the core from Ľadové pleso the highest abundance of ephippia was found deep within the core (17 cm), which could also correspond to the warm period in the 1790s (Fig. 5) . Similarly, in Nižné Terianske pleso, Czarny Staw Polski and D lugi Staw Gąsienicowy the highest abundance of ephippia could correspond to a warm period around the years 1790-1800.
Pasturing
Sheep pasturing is often associated with increases of nutrient inputs to the lakes. Sheep pasturing was most intensive in the beginning of the 19 th century in the High Tatra area, declined continuously from middle of 19 th century, and was finally forbidden after 1949 and 1955 when the Tatra Mountains were designated as a national park in Slovakia and Poland, respectively (Vološčuk, 1994) . Records on sheep pasturing in the Temné Smrečiny valley do exist (Vološčuk, 1994) . The considerable increase in ephippia abundance from 10 cm to 4 cm in Nižné Temnosmrečinské pleso could be connected with influence of pasturing on resting eggs abundance.
Possibility of natural reestablishing of Daphnia populations
In total just 17 resting eggs from six High Tatra cores were recovered from the layers corresponding to ca. 60-70 years, the age restricted to the successful hatching of most Daphnia resting eggs. The DNA from all 17 resting eggs used in genetic analyses was found to be degraded, and the viability of these resting eggs is therefore similarly negligible.
In the three lakes (NTR, DlugiSt, CzarSt), where Daphnia populations have recently disappeared, there appears to be very little possibility of autogenous restoration of Daphnia populations from the resting egg banks in the High Tatra sediments. However, natural repopulation of Daphnia in these lakes may be possible by colonisation from neighbouring lakes in which Daphnia still exist, although it is unknown how likely this is.
Conclusions
A total 4,948 ephippia from six High Tatra sediments were analysed in this study. The highest abundance of ephippia (all categories) across the whole core was recorded in Nižné Temnosmrečinské pleso (2,444 ephippia in total), the second highest abundance was in the core from Ľadové pleso (1912 ephippia in total) and the third was in the core from Czarny Staw Polski (443 ephippia in total). Very low total numbers of ephippia were found in cores from Nižné Terianske pleso, Vyšné Temnosmrečinské pleso and D lugi Staw Gąsienicowy; 89, 40 and 20 ephippia, respectively.
In order to classify physical condition of ephippia, for their use in later genetic analyses of ancient Daphnia populations, five categories were established. The most common category was category 1 (Empty ephippial covers), which was found in almost every layer of all six analysed cores. Less common were resting eggs from categories 2 (Degraded eggs "red clumps"), 3 (Degraded eggs "brown clumps") and 4 (Empty egg membrane) and the least common was category 5 (Eggs).
The 94 resting eggs from to the category 5 were used in genetic analyses, with ages ranging from 10 to almost 500 years. DNA from resting eggs was extracted by three different methods appropriate for ancient DNA. In this study two microsatellite markers were employed, but neither of them was successful in amplifying microsatellite alleles of ancient DNA from resting eggs. The quality of DNA extracted from ancient resting eggs from High Tatra sediment cores does not appear to be of sufficient quality for genetic analyses. The poor condition and low number of resting eggs from the six High Tatra cores in this study unfortunately did not allow the reconstruction of Daphnia population genetic structure across long term time periods.
Environmental changes such as atmospheric acid deposition, fish introduction and partly also changes in climate and pasturing are likely to have influenced the distribution curves of resting eggs. In this way, resting eggs can be use as an indicator of past changes to lake environments. Ephippia abundance in cores from the six lakes provides a record of the gradual water acidification in the period 1860-1950, with significant changes during the period of greatest acidification, 1950-1980s. Acidification has eliminated the cladoceran D. pulicaria from several High Tatra lakes lying above the tree line. The dramatic change in ephippia abundance in the sediment from Czarny Staw Polski is probable due to the introduction of fish. The peaks recorded in the ephippia abundance curve of High Tatra sediment cores may also corresponded with the warm period that occurred in the 1790s. The increase of ephippia abundance on the beginning of the 19 th century in the High Tatra Viability of Daphnia resting eggs S145 area can be also associated with sheep pasturing and subsequent increases of nutrient inputs to the lake. Low numbers of resting eggs, together with their generally poor physical condition suggested that there is very little possibility of population recovery from resting eggs present in the lake sediments. In lakes that have lost their original populations, natural repopulation of Daphnia may be possible by colonization from neighbouring lakes in which Daphnia still exist.
Resting eggs from six High Tatra cores does not allow one to study Daphnia population genetic structure, across long term time periods.
